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(57) ABSTRACT

An assay and system compatible with high throughput
screening (HTS) that is capable of identifying inhibitors,
such as small-molecule inhibitors, of the degradation of the
Cdk inhibitor p21, are described. The assay is based on the
use of fusion protein comprising (i) a p2 polypeptide; and (i)
a reporter protein linked to the C-terminal of said p21
polypeptide, wherein the fusion protein has a half-life that is
similar to that of the p21 polypeptide. Inhibitors identified
by this assay may be useful to inhibit the proliferation of
tumor cells, and thus for the treatment of cancers.
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p21-Rluc protein fusion

DNA sequence

ATGTCAGAACCGGCTGGGGATGTCCGTCAGAACCCATGCGGCAGCAAGGCCTGC
CGCCGCCTCTTCGGCCCAGTGGACAGCGAGCAGCTGAGCCGCGACTGTGATGCGC
TAATGGCGGGCTGCATCCAGGAGGCCCGTGAGCGATGGAACTTCGACTTTGTCAC
CGAGACACCACTGGAGGGTGACTTCGCCTGGGAGCGTGTGCGGGGCCTTGGCCTG
CCCAAGCTCTACCTTCCCACGGGGCCCCGGCGAGGCCGGGATGAGTTGGGAGGA
GGCAGGCGGCCTGGCACCTCACCTGCTCTGCTGCAGGGGACAGCAGAGGAAGAC
CATGTGGACCTGTCACTGTCTTGTACCCTTGTGCCTCGCTCAGGGGAGCAGGCTG
AAGGGTCCCCAGGTGGACCTGGAGACTCTCAGGGTCGAAAACGGCGGCAGACCA
GCATGACAGATTTCTACCACTCCAAACGCCGGCTGATCTTCTCCAAGAGGAAGCC
TGACCAGCAAGGTGTACGACCCCGAGCAGAGGAAGAGGATGATCAC
CGGCCCCCAGTGGTGGGCCAGGTGCAAGCAGATGAACGTGCTGGACAGCTTCAT
CAACTACTACGACAGCGAGAAGCACGCCGAGAACGCCGTGATCTTCCTGCACGG
CAACGCCGCTAGCAGCTACCTGTGGAGGCACGTGGTGCCCCACATCGAGCCCGTG
GCCAGGTGCATCATCCCCGATCTGATCGGCATGGGCAAGAGCGGCAAGAGCGGC
AACGGCAGCTACAGGCTGCTGGACCACTACAAGTACCTGACCGCCTGGTTCGAGC
TCCTGAACCTGCCCAAGAAGATCATCTTCGTGGGCCACGACTGGGGCGCCTGCCT
GGCCTTCCACTACAGCTACGAGCACCAGGACAAGATCAAGGCCATCGTGCACGC
CGAGAGCGTGGTGGACGTGATCGAGAGCTGGGACGAGTGGCCAGACATCGAGGA
GGACATCGCCCTGATCAAGAGCGAGGAGGGCGAGAAGATGGTGCTGGAGAACAA
CTTCTTCGTGGAGACCATGCTGCCCAGCAAGATCATGAGAAAGCTGGAGCCCGAG
GAGTTCGCCGCCTACCTGGAGCCCTTCAAGGAGAAGGGCGAGGTGAGAAGACCC
ACCCTGAGCTGGCCCAGAGAGATCCCCCTGGTGAAGGGCGGCAAGCCCGACGTG
GTGCAGATCGTGAGAAACTACAACGCCTACCTGAGAGCCAGCGACGACCTGCCC
AAGATGTTCATCGAGAGCGACCCCGGCTTCTTCAGCAACGCCATCGTGGAGGGCG
CCAAGAAGTTCCCCAACACCGAGTTCGTGAAGGTGAAGGGCCTGCACTTCAGCCA
GGAGGACGCCCCCGACGAGATGGGCAAGTACATCAAGAGCTTCGTGGAGAGAGT
GCTGAAGAACGAGCAGTAA

codon and TAA stop codon are underlined
= linker between p21 and Renilla luciferase (Kpnl restriction site)

Protein

MSEPAGDVRONPCGSKACRRLFGPYVDSEQLSRDCDALMAGCIQEARERWNFDFVTE
TPLEGDFAWERVRGLGLPKLYLPTGPRRGRDELGGGRRPGTSPALLOQGT
SLSCTLVPRSGEQAEGSPGGPGDSQGRKRROTSMTDFYHSKRRLIFSKRKP EAZY:
YDPEQRKRMITGPOWWARCKOMNVLDSFINYYDSEKHAENAVIFLHGNAASSYLWRHVVP
HIEPVARCIHPDLIGMGKSGKSGNGSYRLLDHYKYLTAWEFELLNLPKKIIFVGHDWGACLA
FHYSYEHQODKIKAIVHAESVVDVIESWDEWPDIEEDIALIKSEEGEKMVLENNFFVETMLPS
KIMRKLEPEEFAAYLEPFKEKGEVRRPTLSWPREIPLVKGGKPDVVOIVRNYNAYLRASDD
LPKMFIESDPGFFSNAIVEGAKKFPNTEFVKVKGLHFSQEDAPDEMGKYIKSFVERVLKNE

0
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ASSAY FOR INHIBITORS OF CIP/KIP
PROTEIN DEGRADATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Entry Application of PCT
application no PCT/CA2012/050682 filed on Sep. 28, 2012
and published in English under PCT Article 21(2), which
itself claims benefit of U.S. provisional application Ser. No.
61/540,151, filed on Sep. 28, 2011. All documents above are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present generally concerns assays, and more particu-
larly to screening assays and systems for the identification of
inhibitors of p21 degradation.

SEQUENCE LISTING

Pursuant to 37 C.F.R. 1.821(c), a sequence listing is
submitted herewith as an ASCII compliant text file named
“15691_47- sequence listing ST25.txt”, created on Sep. 28,
2012 and having a size of ~42 kilobytes. The content of the
aforementioned file is hereby incorporated by reference in
its entirety.

BACKGROUND ART

The Cell Cycle as a Therapeutic Target for Cancer

Progression through the cell division cycle is controlled
by oscillating waves of Cdk activity (1). These kinases are
regulated positively by association with cyclin subunits and
negatively by binding to Cdk inhibitors (2, 3). The Ubig-
uitin-Proteasome System (UPS) (FIG. 1) plays a key role in
controlling cell cycle progression by promoting the periodic
degradation of cyclins and Cdk inhibitors (4, 5).

Deregulation of cell cycle progression is a hallmark of
human cancer (6). Although Cdks are rarely mutated in
cancer, their activity is universally deregulated owing to
hyperactivation of upstream signaling pathways (Ras-MAP
kinase, PI 3-kinase), amplification of Cdk or cyclin genes,
genetic/epigenetic inactivation of Ink4 Cdk inhibitors, or
downregulation of p21 and p27 Cdk inhibitors (7-9). For
example, cyclin D1 is overexpressed in several tumors as a
result of transcriptional activation, gene amplification, or
translocation. p16™*** a is frequently inactivated by gene
deletion, point mutation or epigenetic silencing, resulting in
activation of cyclin D-dependent kinases. Aberrant activa-
tion of Cdk2 and Cdk1 is observed in various malignancies.
Other protein kinases such as Aurora A/B and Plk1, which
are involved in centrosome duplication and mitosis execu-
tion, are overexpressed in a wide range of tumor types (10,
11). In addition to cell cycle kinases, deregulation of the
mechanisms that control protein stability has been shown to
contribute to tumorigenesis. Overexpression of oncogenic
E3 ligases (such as Skp2), which target negative regulators
of the cell cycle, or inactivation of tumor suppressor E3
ligases like Fbxw?7 is observed in many human tumors (4, 5,
12).

Since it was established that aberrant cell cycle control is
a hallmark of cancer, development of agents targeting the
cell cycle has been viewed as a promising strategy for cancer
therapy. For more than a decade, there has been an intensive
search for small molecules that target Cdks, but no Cdk
inhibitor drug has yet been approved for clinical use (7, 13,
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14). More recent efforts have focused on the development of
inhibitors for Aurora and Polo kinases (15-17). However,
further investigation is necessary to assess the clinical
potential of these targets. On the other hand, the FDA
approval of the proteasome inhibitor bortezomib (Velcade;
Millenium) for the treatment of multiple myeloma in 2003
(18) has heralded an entirely new class of cancer drugs and
validated the therapeutic potential of the UPS (12, 19-22).
The Cip/Kip Family of Cdk Inhibitors

The activity of Cdks is negatively regulated by Cdk
inhibitors. In human, 7 Cdk inhibitors have been identified
and classified into two families, according to structural and
functional similarities (1, 23). The Ink4 proteins, which
include p167%44, pl157%48 1874 and p19™*P contain
multiple ankyrin repeats and interact specifically with Cdk4
and Cdk6 to inactivate cyclin D-Cdk complexes. Members
of the Cip/Kip family, which is composed of p21, p27 and
p57, inhibit all cyclin-Cdk complexes and are not specific to
a particular cell cycle phase. Structurally, the three Cip/Kip
proteins share a conserved domain at their N-terminus,
consisting of two separable subdomains for binding to cyclin
and Cdk subunits (FIG. 2). They also have a nuclear
localization signal (NLS) near the C-terminus. Notably, p21
also contains a proliferating cell nuclear antigen (PCNA)
binding domain.

Biochemical and genetic analyses indicate that p21, p27
and p57 have both overlapping and specific cellular func-
tions. p21 is a transcriptional target of p53 and is believed to
be one of the main effectors of p53-mediated cell cycle arrest
(24). The p21 protein is expressed ubiquitously in adult
tissues. In the developing embryo, the expression of p21
correlates with terminal differentiation of a variety of tissues
such as skeletal and heart muscle, cartilage and skin (25, 26).
These observations implicated p21 in the regulation of cell
cycle withdrawal during terminal differentiation. p27 is
expressed ubiquitously and act as a negative regulator of cell
proliferation in a variety of cell types (26). Accordingly, the
expression of p27 is high in quiescent cells and in cells
exposed to anti-proliferative signals, and declines in
response to mitogenic factor stimulation (27-29). p57 is
highly expressed in the developing embryo, but its expres-
sion declines in adults (26).

Regulation of p21 Expression in Normal and Cancer Cells

The regulation of p21 protein is exerted at multiple levels.
The amount of p21 is controlled mainly at the levels of
transcription and protein turnover (30). p21 was originally
identified as the product of a gene activated by p53 (31).
Since then, a variety of cellular and viral factors have been
shown to induce or repress p21 transcription by pS53-inde-
pendent mechanisms (30, 32). In cancer cells, repression of
p21 gene transcription is associated either with loss of
function of activators (p53) or upregulation or gain of
function mutations of transcriptional repressors. For
example, the Myc oncogene is a potent repressor of p21
transcription (33). Importantly, p21 is a very unstable pro-
tein that is degraded by the proteasome (FIG. 3). Four E3
ubiquitin ligase complexes, SCF*#2 (34), CRL4°“? (35-37),
APC/C?2% (38) and MKRN1 (39) have been shown to
promote the degradation of p21 at specific stages of the cell
cycle. Several proteins involved in the ubiquitin-dependent
proteolysis of p21 are upregulated in a variety of human
tumours, indicating that p21 downregulation may account
for the oncogenic properties of these proteins. For example,
Skp2, the substrate binding subunit of the SCF*#? E3 ligase,
is frequently upregulated in human cancers and displays
oncogenic properties (4). Similarly, Cdt2 and Culda, two
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subunits of the CRL4°“? E3 ligase are overexpressed in
breast and advanced liver cancers (40-43).
p21 is a Potent Tumor Suppressor

Mouse genetic studies and human clinical investigations
have provided compelling evidence that p21 is a bona fide
tumor suppressor. Mice deficient in p21 develop tumours of
hematopoietic, endothelial and epithelial origin with late
onset (44). Furthermore, p21 deficiency accelerates the
development of chemically induced tumors in mice (45-47)
and cooperates with oncogenes to promote tumorigenesis
(48). Importantly, two recent studies have shown that knock-
in mice expressing the p53 R172P mutant, that is deficient
for apoptosis but maintains its ability to induce p21 and cell
cycle arrest, are able to suppress tumorigenesis in different
cancer models (49, 50). Tumor suppression by this p53
mutant was modulated by p21, which induced senescence
and preserved chromosomal stability. p21 is not a classical
tumor suppressor gene as it is very rarely mutated in human
tumors. However, p21 levels are frequently downregulated
in human cancers (including carcinomas, gliomas and hema-
tological malignancies) and this is usually associated with a
poor prognosis (30, 51). As mentioned above, downregula-
tion of p21 is most often associated with increased turnover
of the protein.

Accumulating evidence suggest that p21 exerts its tumor
suppressor activity through multiple mechanisms. In addi-
tion to its ability to inhibit cyclin-Cdks and induce cell cycle
arrest, microarray-based studies indicate that p21 expression
is associated with the suppression of genes important for cell
cycle progression and the induction of senescence genes
(52). Interestingly, recent work suggests that tumor regres-
sion can be achieved through the reactivation of senescence,
by restoring p53 function (53) or by inactivation of Myc in
tumors with functional p53 (54). Reactivation of p53 and
Myc inactivation both leads to p21 upregulation. p21 can
compete for PCNA binding with several PCNA -reliant pro-
teins involved in DNA repair processes (55). Finally, p21 has
been reported to either inhibit or promote apoptosis depend-
ing on the cellular context (30). Interestingly, a recent study
showed that p21 promotes apoptosis of intestinal stem/
progenitor cells in response to gamma irradiation, suggest-
ing that increasing p21 expression may be a viable approach
to selectively target colon cancer stem cells (56).

There is thus a need for the development of novel strat-
egies to inhibit p21 degradation, such as novel methods and
assays to identify inhibitors of p21 degradation.

The present description refers to a number of documents,
the content of which is herein incorporated by reference in
their entirety.

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a high
throughput Screening (HTS)-compatible method for deter-
mining whether a test compound may be useful for treating
cancer, said method comprising (a) contacting said test
compound with a cell expressing a fusion protein in the
presence of a protein synthesis inhibitor, said fusion protein
comprising (i) a Cip/Kip polypeptide; and (i) a reporter
protein linked to the C-terminal of said Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide, and (b) measuring a
readout signal from the reporter protein, wherein a higher
readout signal from the reporter protein in the presence of
said test compound, relative to the readout signal in the
absence of said test compound, is indicative that said test
compound may be useful for treating cancer.
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In another aspect, the present invention provides a high
throughput Screening (HTS)-compatible system for deter-
mining whether a test compound may be useful for treating
cancer, said system comprising:

a cell expressing a fusion protein, said fusion protein
comprising (i) a Cip/Kip polypeptide; and (i) a reporter
protein linked to the C-terminal of said Cip/Kip poly-
peptide, wherein said fusion protein has a half-life that
is similar to that of said Cip/Kip polypeptide;

a protein synthesis inhibitor; and

a detection system to measure the readout signal from the
reporter protein.

In an embodiment, the above-mentioned half-life is about

1 hour or less, in a further embodiment the half-life is from
30 minutes to about 1 hour.

In an embodiment, the above-mentioned protein synthesis
inhibitor is cycloheximide (CHX).

In an embodiment, the above-mentioned said reporter
protein is a luciferase, in a further embodiment Renilla
luciferase. In a further embodiment, the Renilla luciferase is
a polypeptide comprising the amino acid sequence of SEQ
ID NO:4, or a functional variant or fragment thereof having
Renilla luciferase activity. In yet a further embodiment, the
Renilla luciferase is a polypeptide comprising the amino
acid sequence of SEQ ID NO:4.

In an embodiment, the above-mentioned readout signal
from the reporter protein is bioluminescence in the presence
of a luciferase substrate. In a further embodiment, the
luciferase substrate is coelenterazine or an analog thereof.

In an embodiment, the above-mentioned the Cip/Kip
polypeptide is a p21 polypeptide, in a further embodiment a
polypeptide comprising the amino acid sequence of SEQ ID
NO:2, or a functional variant or fragment thereof having p21
activity. In a further embodiment, the p21 polypeptide is a
polypeptide comprising the amino acid sequence of SEQ ID
NO:2.

In an embodiment, the above-mentioned cell further com-
prises an inducible expression system for inducible expres-
sion of the fusion protein. In a further embodiment, the
above-mentioned inducible expression system is a tetracy-
cline-controlled expression system.

In an embodiment, the nucleic acid encoding said fusion
protein is operably linked to tetracycline-responsive ele-
ments (TREs).

In an embodiment, the above-mentioned cell further
expresses a reverse tetracycline-responsive transcriptional
activator (rtTA).

In an embodiment, the above-mentioned method further
comprises contacting said cell with tetracycline (Tc), or an
analog thereof, in a further embodiment the Tc analog is
doxycycline (Dox).

In an embodiment, the above-mentioned cell is a fibro-
blast, in a further embodiment a Ratl cell.

Other objects, advantages and features of the present
invention will become more apparent upon reading of the
following non-restrictive description of specific embodi-
ments thereof, given by way of example only with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

In the appended drawings:

FIG. 1 shows an overview of the Ubiquitin-Proteasome
System (UPS);

FIG. 2 shows a schematic representation of the human
Cip/Kip family of Cdk inhibitors;
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FIG. 3 shows that p21 is an unstable protein degraded by
the UPS. ts20 cells, which bear a temperature-sensitive
mutation in the E1 enzyme, were incubated at the permissive
(34° C., El active) or non-permissive (39° C., E1 inactive)
temperature and treated with the protein synthesis inhibitor
cycloheximide (CHX) for different times. Expression of p21
was measured by immunoblotting

FIG. 4 shows the underlying principle of the p21 degra-
dation assay. p21 is an unstable protein with an half-life of
about 30-60 minutes. Upon addition of CHX to block
protein synthesis, the p21 protein is rapidly degraded. Addi-
tion of a small molecule inhibitor of p21 degradation is
predicted to stabilize p21 leading to its accumulation in the
cells;

FIGS. 5A-C show the design and basis of the p21 deg-
radation reporter assay. FIG. SA shows a schematic repre-
sentation of the p21-Renilla luciferase (Rluc) reporter con-
struct. FIG. 5B shows an immunoblot analysis of the
degradation rate of Rluc and p21-Rluc fusion protein upon
addition of CHX in the presence or absence of the protea-
some inhibitor MG 132. A specific antibody to Rluc was
used for detection. FIG. 5C shows a quantification of the
data in FIG. 5B expressed as relative abundance;

FIG. 6 shows a schematic representation of the HTS assay
in 384-well plates used to screen a library of small molecule
compounds using the p21-Rluc reporter assay described
herein;

FIG. 7 shows (A) the results expressed as fold stabiliza-
tion values for one HTS run representing 9,984 small
molecule compounds. (B) Distribution of the fold stabiliza-
tion data for the 112,900 compounds tested in the primary
screen using the p21-Rluc reporter assay described herein;

FIG. 8 shows a summary of the screen and decision tree
showing the different assays implemented and the corre-
sponding statistical methods applied for hits selection. The
number of compounds tested at each step is indicated;

FIG. 9 shows dose-response curves of selected com-
pounds identified from the primary screen using the p21-
Rluc reporter assay. The proteasome inhibitor MG132 was
used as control.

FIGS. 10A and 10B shows the validation of the p21-Rluc
reporter assay by ELISA. FIG. 10A shows a dose-response
curve of the effect of the proteasome inhibitor MG132 and
an inactive compound X in the p21-Rluc assay. Luciferase
values are normalized to the control DMSO (set to 1). FIG.
10B shows a dose-response curve of MG132 and compound
X using a p21 ELISA assay to measure the expression of
endogenous p21 protein. ELISA values are normalized to
the control DMSO.

FIG. 11A shows the nucleotide sequence of human p21
mRNA (transcript variant 1, NCBI Reference Sequence:
NM_000389.4, SEQ ID NO:1), with the coding sequence in
italics (nucleotides 126-620);

FIG. 11B shows the amino acid sequence of human p21
protein (NCBI Reference Sequence: NP_000380.1, SEQ ID
NO:2);

FIG. 12A shows the nucleotide sequence of Renilla reni-
formis luciferase mRNA (GenBank: M63501.1, SEQ ID
NO:3), with the coding sequence in italics (nucleotides
10-945),

FIG. 12B shows the amino acid sequence of Renilla
reniformis luciferase (GenBank: AAA29804.1, SEQ ID
NO:4);

FIG. 13 shows the nucleotide (SEQ ID NO:5) and amino
acid (SEQ ID NO:6) sequences of the p21-Rluc fusion
construct used in the experiments described herein. The
construct comprises a “linker” (highlighted in grey) corre-
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sponding to a Kpnl restriction site (used to prepare the
fusion construct) between p21 and Rluc, which results in the
presence of 2 amino acids (Gly and Thr) between the two
proteins in the fusion;

FIG. 14A shows the nucleotide sequence of human p27
mRNA (NCBI Reference Sequence: NM_004064.3, SEQ ID
NO:7), with the coding sequence in italics;

FIG. 14B shows the amino acid sequence of human p27
protein (NCBI Reference Sequence: NP_004055.1, SEQ ID
NO:8);

FIG. 15A shows the nucleotide sequence of human p57
mRNA (NCBI Reference Sequence: NM_000076.2, SEQ ID
NO:9), with the coding sequence in italics;

FIG. 15B shows the amino acid sequence of human p57
protein (NCBI Reference Sequence: NP_000067.1, SEQ ID
NO:10).

DISCLOSURE OF INVENTION

An assay compatible with high-throughput screening
(HTS) that is capable of identifying inhibitors, such as
small-molecule inhibitors, of the degradation of the Cdk
inhibitor of the Cip/Kip family (e.g., p21), was designed.
Inhibitors identified by this assay may be useful to inhibit the
proliferation of tumor cells, and thus for the treatment of
cancers. Accordingly, in a first aspect, the present invention
provides a high throughput screening (HTS)-compatible
method for determining whether a test compound may be
useful for treating cancer, said method comprising

(a) contacting said test compound with a cell expressing
a fusion protein in the presence of a protein synthesis
inhibitor, said fusion protein comprising a reporter protein
fused to the C-terminal end of a Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide, and

(b) determining a readout signal from the reporter protein,

wherein a higher readout signal from the reporter protein
in the presence of said test compound, relative to the readout
signal in the absence of said test compound, is indicative that
said test compound may be useful for treating cancer.

In another aspect, the present invention provides a high
throughput screening (HTS)-compatible method for deter-
mining whether a test compound may be useful for (i)
inhibiting (e.g., preventing, decreasing) Cip/Kip protein
degradation, (ii) stabilizing Cip/Kip protein expression, and/
or (iii) inducing the cellular accumulation of Cip/Kip pro-
tein, said method comprising

(a) contacting said test compound with a cell expressing
a fusion protein in the presence of a protein synthesis
inhibitor, said fusion protein comprising a reporter protein
fused to the C-terminal end of a Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide, and

(b) determining a readout signal from the reporter protein,
wherein a higher readout signal from the reporter protein in
the presence of said test compound, relative to the readout
signal in the absence of said test compound, is indicative that
said test compound may be useful for inhibiting (e.g.,
preventing, decreasing) Cip/Kip degradation (or stabiliza-
tion of Cip/Kip expression).

In another aspect, the present invention provides a high
throughput screening (HTS)-compatible method for deter-
mining whether a test compound may be useful for inhib-
iting cell growth arrest and/or cell cycle progression, said
method comprising

(a) contacting said test compound with a cell expressing
a fusion protein in the presence of a protein synthesis
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inhibitor, said fusion protein comprising a reporter protein
fused to the C-terminal end of a Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide, and

(b) determining a readout signal from the reporter protein,
wherein a higher readout signal from the reporter protein in
the presence of said test compound, relative to the readout
signal in the absence of said test compound, is indicative that
said test compound may be useful for inhibiting cell growth
arrest, and/or cell cycle progression.

In another aspect, the present invention provides a high
throughput screening (HTS)-compatible system for deter-
mining whether a test compound may be useful for treating
cancer, said system comprising:

a cell expressing a fusion protein, said fusion protein
comprising (i) a Cip/Kip polypeptide; and (i) a reporter
protein linked to the C-terminal of said Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide;

a protein synthesis inhibitor;

a detection system to measure the readout signal from the
reporter protein.

In another aspect, the present invention provides a high
throughput screening (HTS)-compatible system for deter-
mining whether a test compound may be useful for (i)
inhibiting (e.g., preventing, decreasing) Cip/Kip protein
degradation, (ii) stabilizing Cip/Kip protein expression, and/
or (iii) inducing the cellular accumulation of Cip/Kip pro-
tein, said system comprising:

a cell expressing a fusion protein, said fusion protein
comprising (i) a Cip/Kip polypeptide; and (i) a reporter
protein linked to the C-terminal of said Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide;

a protein synthesis inhibitor;

a detection system to measure the readout signal from the
reporter protein.

In another aspect, the present invention provides a high
throughput screening (HTS)-compatible system for deter-
mining whether a test compound may be useful for inhib-
iting cell growth arrest and/or cell cycle progression, said
system comprising:

a cell expressing a fusion protein, said fusion protein
comprising (i) a Cip/Kip polypeptide; and (i) a reporter
protein linked to the C-terminal of said Cip/Kip polypeptide,
wherein said fusion protein has a half-life that is similar to
that of said Cip/Kip polypeptide;

a protein synthesis inhibitor;

a detection system to measure the readout signal from the
reporter protein.

The term “high-throughput screening” (HTS) as used
herein refers to a method that allow screening rapidly and in
parallel large numbers of compounds (hundreds, thousands)
for binding activity or biological activity against target
molecules. Such HTS methods are typically performed in
microtiter plates having several wells, for example 384,
1536, or 3456 wells. For HTS, it is important that the readout
signal be detected with high sensitivity, accuracy and repro-
ducibility.

The above-mentioned fusion protein has a half-life that is
similar to that of said Cip/Kip (e.g., p21) polypeptide. In an
embodiment, the half-life is the half-life within a cell, for
example a cell cultured in vitro, in petri culture dishes.
“Similar” as used in that context means that the difference
between the half-life of the fusion protein and a Cip/Kip
(e.g., p21) polypeptide (alone, not in the fusion protein),
under the same conditions (e.g., same cells, same culture
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conditions) is less than 25%, in further embodiments less
than 20, 15 or 10%. In an embodiment, the half-life of said
fusion protein is about 1 hour or less, in a further embodi-
ment between about 30 minutes to about 1 hour. Methods to
measure the half-life of proteins are well known in the art.
In embodiments, the half-life of the fusion protein may be
measured using the cycloheximide chase and p21 immuno-
blotting analysis described below.

The term “reporter protein” refers to a protein that can be
detected (e.g., by fluorescence, spectroscopy, luminometry,
etc.) easily and that is not present normally (endogenously)
in the system used. Commonly used reporter proteins
include enzymes such as f-galactosidase (encoded by the
bacterial gene lacZ), luciferase, chloramphenyl acetyltrans-
ferase (CAT; from bacteria), GUS (B-glucuronidase), biolu-
minescent proteins and fluorescent proteins. In the context
of'the present invention, the reporter protein is selected so as
to not significantly affect the half-life of Cip/Kip (e.g., p21),
i.e. so that the Cip/Kip-reporter protein fusion has a half-life
that is similar to that of the Cip/Kip (e.g., p21) polypeptide
alone. The skilled person would be able to easily determine
the suitable reporter proteins for the above-noted methods/
systems by measuring the half-life of a fusion protein
comprising Cip/Kip (e.g., p21) and the reporter protein, and
comparing it to the half-like of Cip/Kip (e.g., p21). In an
embodiment, the reporter protein is a luciferase. The term
luciferase refers to a class of oxidative enzymes used in
bioluminescence. Many luciferases are known in the art, for
example firefly luciferase (for example from the firefly
Photinus pyralis), Renilla luciferase (Renilla reniformis),
Metridia luciferase (MetlLuc, derived from the marine
copepod Metridia longa), Aequorea luciferase, Dinoflagel-
late luciferase, or Gaussia luciferase (Gluc). In an embodi-
ment, the luciferase is a Renilla luciferase. In an embodi-
ment, the Renilla luciferase is a polypeptide comprising the
amino acid sequence of SEQ ID NO:4 (FIG. 12B), or a
functional variant or fragment thereof having Renilla
luciferase activity. Renilla Luciferase activity as used herein
refers to the ability to metabolize the substrate coelentera-
zine (6-(4-hydroxyphenyl)-2-[(4-hydroxphenylmethyl]-8-
(phenylmethyl)-7H-imidazo[3,2-a]pyrazin-3-one). In an
embodiment, the functional variant or fragment comprises a
sequence having at least 70% identity with the sequence of
SEQ ID NO:4 (FIG. 12B). In further embodiments, the
functional variant or fragment comprises a sequence having
at least 75, 80, 85, 90, 95, 96, 97, 98 or 99% identity with
the sequence of SEQ ID NO:4 (FIG. 12B). In an embodi-
ment, when an enzyme is used as the reporter protein, the
above-mentioned method further comprises contacting the
cell with a substrate of the enzyme so as to induce the
production of a detectable metabolite. In an embodiment,
when the reporter protein is a Renilla luciferase, the above-
mentioned method further comprises contacting the cell with
coelenterazine or an analog thereof, which catalyzes coel-
enterazine oxidation by oxygen to produce light. Coelen-
terazine and several coelenterazine analogs (coelenterazine
cp, 1, h, hep, fep, 1, ip, n, 400a, methyl Coelenterazine) are
commercially available from Life Technologies™, Molecu-
lar Probes™ and Biotium™, for example (see also, e.g.,
Zhao et al., Mol Imaging, 2004 3(1):43-54). In a further
embodiment, the just-noted contacting the cell with coelen-
terazine or an analog thereof is for a period of about 1 to
about 10 minutes, for example about 3 to about 7 minutes,
more specifically about 5 minutes.

The method to determine the readout signal from the
reporter protein depends from the nature of the reporter
protein. For example, for fluorescent reporter proteins, the
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readout signal corresponds to the intensity of the fluorescent
signal. The readout signal may be measured using spectros-
copy-, fluorometry-, photometry-, and/or luminometry-
based methods and detection systems, for example. Such
methods and detection systems are well known in the art.

The term “Cip/Kip polypeptide” refers to a cyclin-depen-
dent kinase (CDK) inhibitors of the Cip/Kip family and
includes the protein p21, p27 and p57. The nucleotide and
amino acid sequences of p21, p27 and p57 are depicted in
FIGS. 11A-11B, 14A-14B and 15A-15B, respectively. In an
embodiment, the Cip/Kip polypeptide is a polypeptide com-
prising the amino acid sequence of SEQ ID NO:2, 8 or 10
(FIG. 11B, 14B or 15B), or a functional variant or fragment
thereof having the activity of native p21, p27 or p57 (e.g.,
inhibition of CDK, regulation of cell cycle progression). In
an embodiment, the functional variant or fragment com-
prises a sequence having at least 70% identity with the
sequence of SEQ ID NO:2, 8 or 10 (FIG. 11B, 14B or 15B).
In further embodiments, the functional variant or fragment
comprises a sequence having at least 75, 80, 85, 90, 95, 96,
97, 98 or 99% identity with the sequence of SEQ ID NO:2,
8 or 10 (FIG. 11B, 14B or 15B).

In an embodiment, the Cip/Kip polypeptide is a p2l
polypeptide. The term “p21 polypeptide” refers to a poly-
peptide that inhibits cyclin-dependent kinase (CDK) and
regulates cell cycle progression. The sequences of p2l
polypeptides from various organisms and species are known
in the art, for example mouse: NCBI Reference Sequence
NP_001104569.1; Rat: GenBank AAC52221.1; cow: NCBI
Reference Sequence NP_001092428.1; human: NCBI Ref-
erence Sequence NP_000380.1, SEQ ID NO:2 (FIG. 11B).
In an embodiment, the p21 polypeptide is a polypeptide
comprising the amino acid sequence of SEQ ID NO:2 (FIG.
11B), or a functional variant or fragment thereof having the
activity of native p21 (e.g., inhibition of CDK, regulation of
cell cycle progression). In an embodiment, the functional
variant or fragment comprises a sequence having at least
70% identity with the sequence of SEQ ID NO:2 (FIG. 11B).
In further embodiments, the functional variant or fragment
comprises a sequence having at least 75, 80, 85, 90, 95, 96,
97, 98 or 99% identity with the sequence of SEQ ID NO:2
(FIG. 11B).

The term “protein synthesis inhibitor” refers to an agent
that blocks/inhibits the processes that lead to the generation
of new proteins. Such agents usually act at the ribosome
level. In an embodiment, the protein synthesis inhibitor is a
eukaryotic protein synthesis inhibitor. Examples of eukary-
otic protein synthesis inhibitors include cycloheximide
(CHX), puromycin, isomigrastatin, lactimidomycin (LTM),
Actinomycin D, Anisomycin, emetine, and analogs thereof.
In an embodiment, the protein synthesis inhibitor is cyclo-
heximide (CHX).

In embodiments, the Cip/Kip (e.g., p21) polypeptide may
be covalently linked to the reporter protein either directly
(e.g., through a peptide bond) or via a suitable linker moiety,
e.g., a linker of one or more amino acids (e.g., a polyglycine
linker) or another type of chemical linker (e.g., a carbohy-
drate linker, a lipid linker, a fatty acid linker, a polyether
linker, PEG, etc. (see, e.g., Hermanson (1996) Bioconjugate
techniques). In an embodiment, the Cip/Kip (e.g., p21)
polypeptide and the reporter protein are covalently linked
through a peptide bond. In an embodiment, the p21 poly-
peptide and the reporter protein are covalently linked
through a linker, in a further embodiment a 2-amino acid
linker. In a further embodiment, the linker comprises a
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glycine residue and a threonine residue. In a further embodi-
ment, the fusion protein comprises the amino acid sequence
of SEQ ID NO:6 (FIG. 13).

In an embodiment, the above-mentioned reporter protein
is under inducible expression. Accordingly, in another
embodiment, the cell further comprises an inducible expres-
sion system.

In a further embodiment, the inducible expression system
is a tetracycline-controlled/regulated expression system.
Inducible expression systems, such as tetracycline-con-
trolled/regulated expression systems, are well known in the
art and are commercially available. Examples of such sys-
tems include the RheoSwitch® Mammalian Inducible
Expression System from New England BioLabs Inc., Tet-
Express™ Inducible Expression Systems from Clontech,
and the T-REx™ System from Life Technologies.

In an embodiment, the nucleic acid sequence encoding the
above-mentioned fusion protein is operably linked to induc-
ible transcriptional regulatory element sequence(s). A
nucleic acid sequence is “operably-linked” with a second
nucleic acid sequence when the first nucleic acid sequence
is placed in a functional relationship with the second nucleic
acid. For instance, a promoter is operably-linked to a coding
sequence if the promoter affects the transcription or expres-
sion of the coding sequences. Generally, operably-linked
DNA sequences are contiguous and, where necessary to join
two protein coding regions, in reading frame. However,
since, for example, enhancers generally function when sepa-
rated from the promoters by several kilobases and intronic
sequences may be of variable lengths, some polynucleotide
elements may be operably-linked but not contiguous. “Tran-
scriptional regulatory element sequence(s)” is a generic term
that refers to DNA sequences, such as initiation and termi-
nation signals, enhancers, and promoters, splicing signals,
polyadenylation signals which induce or control transcrip-
tion of protein coding sequences with which they are oper-
ably-linked. In an embodiment, the transcriptional regula-
tory element sequences are tetracycline-responsive elements
(TREs). The tetracycline response elements consist of 7
repeats of the 19 bp bacterial tet-o sequence separated by
spacer sequences.

In an embodiment, the above-mentioned cell further
expresses a tetracycline-responsive transcriptional activator
(tTA, Tet-Off expression system), or a reverse tetracycline-
responsive transcriptional activator (rtTA, Tet-On expres-
sion system).

A tetracycline transactivator (tTA) protein is a fusion of
the TetR (tetracycline repressor), found in Escherichia coli
bacteria with another protein, VP16, produced by Herpes
Simplex Virus (HPV). In the absence of tetracycline (Tc) or
an analog thereof (doxycycline, Dox), tTA binds to the TRE
and activates transcription of the target gene. In the presence
of Tc or Dox, which binds tTA, tTA is not capable of binding
to TRE sequences, thereby preventing transactivation of
target genes (the nucleic acid encoding the fusion protein).

A reverse tetracycline-responsive transcriptional activator
(rtTA) is also a fusion protein comprised of the TetR
repressor and the VP16 transactivation domain; however, a
four amino acid change in the tetR DNA binding moiety
alters rtTA’s binding characteristics such that it can only
recognize the tetO sequences in the TRE of the target
transgene in the presence of tetracycline or an analog thereof
(doxycycline, Dox). Thus, in such as a system, transcription
of the TRE-regulated target gene is stimulated by rtTA only
in the presence of tetracycline or an analog thereof.

In an embodiment, the above-mentioned cell further
expresses a reverse tetracycline-responsive transcriptional
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activator (rtTA, Tet-On expression system). In an embodi-
ment, the method further comprises culturing the cell in the
presence of tetracycline (Tc), or an analog thereof, to induce
the expression of the fusion protein by the cell. In a further
embodiment, the tetracycline (Tc) derivative is doxycycline
(Dox).

In another embodiment, the above-mentioned method
comprises:

(al) contacting the cell expressing the fusion protein with
tetracycline or a tetracycline analog to induce the expression
of the fusion protein;

(b1) contacting the test compound with the cell of (a) in
the presence of a protein synthesis inhibitor; and

(c1) determining a readout signal from the reporter pro-
tein.

In an embodiment, the above contacting at step (al) is for
a period of from about 8 to about 30 hours, for example from
about 12 to about 24 hours, more specifically about 18 hours.

In an embodiment, the above contacting at step (b1) is for
a period of from about 2 to about 10 hours, for example from
about 4 to about 8 hours, more specifically about 6 hours.

Any cell capable of expressing the fusion protein may be
used in the method/system of the invention. In an embodi-
ment, the above-mentioned cell is a mammalian cell (e.g.,
animal cell, mouse cell, rat cell, human cell). In a further
embodiment, the cell is a cell line, in a further embodiment
a fibroblast cell line, in yet a further embodiment a rat cell
line. In yet a further embodiment, the cell is a Ratl cell.

The cell may be prepared by introducing a nucleic acid
encoding the above-mentioned fusion protein (by any trans-
fection, transduction or transformation method), such as the
nucleic acid comprising the sequence of SEQ ID NO:6, and
providing conditions suitable for the expression of the fusion
protein. Methods and systems for introducing a nucleic acid
into a cell are well known in the art, and include for example
chemical-based transfection (using calcium phosphate, lipo-
somes, cationic polymers such as DEAE-dextran or poly-
ethylenimine), electroporation, gene gun, viral transduction.
Kits for introducing a nucleic acid into a cell are commer-
cially available.

In an embodiment, the above-mentioned cancer is a
cancer associated with a decrease expression, or downregu-
lated levels, of p21, p27 and/or p57 (reviewed in references
30, 51 and 67, for example). In a further embodiment, the
above-mentioned cancer is a cancer associated with a
decrease expression, or downregulated levels, of p21. In an
embodiment, the above-mentioned cancer is a human can-
cer, in further embodiments a carcinoma, glioma or hema-
tological malignancy (e.g., leukemia). In an embodiment,
the cancer is a breast, gastrointestinal (e.g., gastric, colon),
liver, tonsillar ovarian, cervical, pancreatic, laryngeal or oral
cancer. p57(Kip2) protein is frequently downregulated in
different types of human epithelial and nonepithelial cancers
as a consequence of genetic and epigenetic events (67).
Accordingly, in another embodiment, the cancer is an epi-
thelial or nonepithelial cancer.

Test compounds (drug candidates) that may be screened
by the method/system of the invention may be obtained from
any number of sources including libraries of synthetic or
natural compounds. For example, numerous means are
available for random and directed synthesis of a wide variety
of organic compounds and biomolecules, including expres-
sion of randomized oligonucleotides. Alternatively, libraries
of natural compounds in the form of bacterial, fungal, plant
and animal extracts are available or readily produced. Addi-
tionally, natural or synthetically produced libraries and com-
pounds are readily modified through conventional chemical,
physical and biochemical means.
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In another aspect, the present invention provides a fusion
protein as defined above, or a nucleic acid encoding such
fusion protein, or a cell comprising the fusion protein or
nucleic acid encoding same.

In another aspect, the present invention provides a kit
comprising the fusion protein defined above, or a nucleic
acid encoding such fusion protein, or a cell comprising the
fusion protein or nucleic acid encoding same. In embodi-
ments, the kit further comprises one or more of the compo-
nents of the system defined above, as well as instructions for
performing the HTS-compatible method defined above.

MODE(S) FOR CARRYING OUT THE
INVENTION

The present invention is illustrated in further details by
the following non-limiting examples.

EXAMPLE 1
Materials and Methods

Generation of p21-Rluc Protein Fusion

The human p21Cipl (p21) and Renilla luciferase (Rluc)
genes were amplified by polymerase chain reaction (PCR)
from plasmids pRmHa-5 HA-p21Cipl and pcDNA3.1-Rluc
respectively. PCR products were digested and ligated into a
modified version of pRevIRE vector (Clonetech) previously
digested with BamHI and Notl restriction enzymes. The
final recombinant molecules (pRevIRE Rluc and pRe-
vIRE-p21-Rluc) were sequenced to ensure the integrity of
DNA.

Generation of Ratl rtTA Stable Cell Line

Human Embryonic Kidney 293T cells were transfected
with pCL-Eco and pRevTet-On vectors in order to produce
retroviral particle bearing the reverse tet-transactivator
transgene (rtTA). Ratl cells were infected with these retro-
viruses and selected with G418 for 2 weeks to generate the
Ratl rtTA cell line.

Generation of Rat-1 rtTA Inducible Rluc/p21-Rluc Stable
Cell Lines

Human Embryonic Kidney 293T cells were transfected
with pCL-Eco in combination with either pRevTRE Rluc of
pRevIRE p21-Rluc to produce retroviral particles. Ratl
rtTA cells were infected with these retroviruses in the
presence of 10 ug/ml polybrene. Cells were selected with
hygromycin B and G418 for 5 days to generate Ratl rtTA
Rluc and Ratl rtTA p21-Rluc cell lines.

High Throughput p21 Degradation Assay

Stable cell lines from frozen vials were thawed and
resuspended in phenol red-free DMEM (Wisent) supple-
mented with 10% NBCS (day 0). Two days after, cells were
trypsinized and seeded at 2500 cells/well into white 384-
well plates (BD Bioscience). Doxycyclin was added at 1
png/ml into the culture medium in order to induce the
expression of Rluc and/or p21-Rluc (day 2). Cells were
incubated at 37° C. for 18 h. On day 3, 5 ul of cycloheximide
was added into each well to reach a final concentration of 50
ng/ml. The proteasome inhibitor MG132 was added into few
wells on each plate as positive control at a final concentra-
tion of 25 pM. Dimethyl sulfoxide (DMSO) was added into
few wells on each plate as negative control. Compounds
were pre-diluted in water and 5 pl of the diluted solutions
was added at a final concentration of 10 pM. The final
volume in each well was 50 pl and the final concentration of
DMSO through the whole screen was 0.5%. Plates were
incubated at 37° C. for 6 h. Culture medium was then
aspirated and 50 pl of a solution containing the Renrilla
luciferase substrate coelenterazine was added at a final
concentration of 5 pM. The reaction was allowed to proceed
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for 5 minutes and luminescence was monitored using EnVi-
sion™ plate reader (Perkin Elmer) set to “Enhanced lumi-
nescence” mode.

EXAMPLE 2

High-throughput Screening (HTS)-compatible
Cell-based Assay

To identify small molecules that lead to an increase in the
expression levels of p21, a highly robust HTS-compatible
cell-based assay using a reporter protein made of a fusion
between the unstable p21 protein and Rerilla luciferase
(p21-Rluc) was designed. The assay relies on the generation
of a fusion protein between p21 and a reporter protein that
is quantifiable in a high throughput format. The genetically
engineered chimeric protein should behave like the wild
type p21 protein, such that the readout signal from the
reporter moiety will reflect the regulation of p2l1. Two
fusions proteins were initially constructed: a fusion between
p21 and the Renilla luciferase (p21-Rluc) and a fusion
between p21 and the GFP protein (p21-GFP) (FIG. 5A)

Luciferase activity is detected by measuring biolumines-
cence after addition of coelenterazine to intact cells, whereas
GFP expression is measured by fluorescence spectroscopy.
The two fusion constructs were stably expressed in a fibro-
blast cell line using an inducible Tet-On retroviral expres-
sion system. Since p21 is a negative regulator of the cell
cycle, the use of an inducible vector permits to repress its
expression and allows the amplification and maintenance of
the transduced cell lines.

To validate the assay, expression of the p21 fusion protein
was induced with the tetracycline derivative doxycycline
and the protein synthesis inhibitor cycloheximide was added
to stop new protein synthesis. The rate of degradation of the
p21 fusion was then measured by cycloheximide chase and
immunoblotting analysis with a Renilla luciferase-specific
antibody (US Biological, Catalog #1.6003-20). The protea-
some inhibitor MG-132 was used as control to confirm that
the degradation was proteasome-dependent. The fusion of
GFP to p21 was found to artificially stabilize the p21 protein
and this strategy was not pursued further. In contrast, the
p21-Rluc protein was found to be highly unstable with a
half-life of less than 1 hour, comparable to that of the wild
type p21 protein (FIG. 5B). However, the Rluc-p21 fusion
protein (i.e. in which the Rluc is N-terminal relative to p21)
was found to artificially stabilize the p21 protein. To ascer-
tain that the degradation rate of p21-Rluc reflects the half-
life of p21, the same assay was used to monitor the degra-
dation of Rluc alone. No degradation of Rluc was observed
under these conditions, consistent with the reported stability
of the Renilla luciferase protein (FIG. 5C). From these
results, it may be concluded that the stability of the p21-Rluc
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fusion protein is a true reflection of the stability of p21 and
that the construct can be used in a cell-based assay for
screening purposes.

The p21-Rluc degradation assay was next transposed to a
HTS-compatible format in 384-well plates and used to
screen the Institut de Recherche en Immunologie et Can-
cerologie’s (IRIC’s) collection of 112,900 compounds (FIG.
6) derived from the Chembridge DIVERset™ screening
library, the Maybridge Hitfinder™ screening library, the
Specs screening library, the Microsource SPECTRUM™
collection, the Biomol/Enzo Life Sciences Screen-Well™
library, the Prestwick Chemical Library™ library and the
Sigma LOPAC!'?*°™  The potent proteasome inhibitor
MG-132 was used as positive control. The mean increase of
p21-Rluc signal by all positive controls across the screen
was 3.062 (FIG. 6). This value was set at 100% stabilization
and used as comparison reference for test compounds. From
the primary screen, 686 compounds that increase the p21-
Rluc luminescence signal by at least 1.7-fold and 4 SDs
above baseline (DMSO control) were identified (FIG. 5).
These compounds were re-tested in a reconfirmation experi-
ment using the same assay conditions. A subset of 104
molecules was confirmed to be active by applying the same
statistical criteria. Confirmed hits were then tested in a
secondary assay using Rluc alone to eliminate compounds
that increase luciferase enzymatic activity or boost the
luminescence signal. From this assay, 72 molecules were
selected for further evaluation. These molecules were tested
in secondary screens using p27-Rluc and ERK3-Rluc fusion
proteins to determine if they specifically inhibit p21 degra-
dation or if they also block the degradation of p27 and the
unrelated protein kinase ERK3, which would suggest that
the molecules target the proteasome. Dose-response curves
were generated for all compounds to estimate 1Cs, values.
FIG. 9 shows a representative example of dose-response
curves for a subset of active hit compounds identified in the
assay. Interestingly, from the 72 molecules selected, 14 were
found to inhibit the degradation of both p21 and p27 by more
than 60% compared to the reference MG-132. Another 4
compounds inhibited p21 degradation by more than 60% but
had less than 25% inhibitory effect on p27 proteolysis. None
of these molecules had a significant effect on ERK3 degra-
dation. Ten molecules had ED, values in the low uM range.
The screening data for these molecules are summarized in
Table 1A and 1B. These hit compounds were re-synthesized
and their biological activity was confirmed in the p21
degradation assay. To validate that the increase in luciferase
activity of the p21-Rluc fusion protein truly reflects an
increase in the expression of the endogenous p21 protein, we
have developed a p21 ELISA to measure its abundance. As
shown in FIG. 10 for the MG132 control and an inactive
molecule, the increase in luciferase activity reflected an
increase in the intracellular expression of the endogenous
protein. The same correlation was observed for the positive
hits identified in the screen.

TABLE 1A

List of potential inhibitors of p21 and p27 degradation

Threshold p21 > 60%
Threshold p27 > 60%

Secondary screen

Primary screen Secondary Secondary
Primary Primary Confirmation Rlue Anisomycine screen screen

screen (Fold  screen (Fold (Fold (Fold p21-Rlue p27-Rluc ICso

stabilization) (SSMD) stabilization) stabilization) stabilization) (% stabilization) (% stabilization)  (uM)
UM1 2.24 6.85 2.27 1.04 2.69 84.83 83.61 6.30
UM2 2.28 9.83 2.36 0.84 2.71 93.86 89.88 3.04
UM3 2.00 6.57 2.23 0.84 2.06 71.27 74.62 4.61
UM4 2.26 7.70 2.52 1.05 1.98 68.41 72.74 >20.00
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TABLE 1A-continued
List of potential inhibitors of p21 and p27 degradation
Threshold p21 > 60%
Threshold p27 > 60%
Secondary screen
Primary screen Secondary Secondary
Primary Primary Confirmation Rlue Anisomycine screen screen
screen (Fold  screen (Fold (Fold (Fold p21-Rluc p27-Rluc ICsq
stabilization) (SSMD) stabilization) stabilization) stabilization) (% stabilization) (% stabilization)  (uM)
UM3 2.20 9.47 2.46 1.19 2.80 97.53 66.88 1.11
UM6 1.93 5.62 2.49 1.18 3.10 98.35 68.60 1.04
UM7 2.10 5.66 2.19 0.86 2.10 68.99 89.22 4.84
UMS 2.28 7.11 2.09 0.98 2.68 70.88 75.45 >20.00
UMY 2.32 9.85 2.24 1.02 2.50 87.13 89.74 12.02
UM10 1.84 491 2.10 1.12 2.79 74.28 82.27 0.83
UM11 2.54 7.70 2.83 0.78 2.10 78.06 74.91 2.07
UM12 2.60 10.89 2.18 1.01 2.87 78.16 73.30 0.76
UM13 2.15 8.05 2.54 1.19 2.57 68.59 61.23 1.83
UM14 1.83 5.01 2.16 1.11 2.26 63.67 61.44 8.37
TABLE 1B
List of potential specific inhibitors of p21 degradation
Threshold p21 > 60%
Threshold p27 < 25%
Secondary screen
Primary screen Secondary Secondary
Primary Primary Confirmation Rlue Anisomycine screen screen
screen (Fold  screen (Fold (Fold (Fold p21-Rluc p27-Rluc ICsq
stabilization) (SSMD) stabilization) stabilization) stabilization) (% stabilization) (% stabilization)  (uM)
UM15 2.10 10.04 2.20 0.96 2.70 6231 18.35 3.41
UM16 1.87 6.80 2.07 1.06 2.56 62.61 4.18 >20.00
UM17 1.68 5.62 2.41 1.08 2.64 60.94 13.14 >20.00
UM18 1.89 5.27 2.20 1.03 2.53 67.32 23.44 1.89

Although the present invention has been described here-
inabove by way of specific embodiments thereof, it can be
modified, without departing from the spirit and nature of the
subject invention as defined in the appended claims. In the
claims, the word “comprising” is used as an open-ended
term, substantially equivalent to the phrase “including, but
not limited to”. The singular forms “a”, an and the include
corresponding plural references unless the context clearly
dictates otherwise.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10
<210> SEQ ID NO 1

<211> LENGTH: 2175

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (126)..(620)
<400> SEQUENCE: 1

gttgtatatc agggccgege

gttecttgty gagecggage

gcgee atg tca gaa ccg
Met Ser Glu Pro

1 5 10

tgagetgege cagetgaggt gtgageaget gecgaagtca
tgggegegga ttegecgagg caccgaggca ctcagaggag

gct ggg gat gte cgt cag aac cca tge ggce age
Ala Gly Asp Val Arg Gln Asn Pro Cys Gly Ser

aag
Lys

gee tge cge
Ala Cys Arg

cge
Arg
20

cge
Arg

gac
Asp

tgt
Cys

gat
Asp
35

gecg
Ala

cga
Arg

ttc
Phe

aac
Asn
50

tgg
Trp

gac
Asp

gee
Ala

tgg
Trp
65

cgt
Arg

gtg
Val

gag
Glu

acyg
Thr
80

cece
Pro

999
Gly

cgg
Arg

cga
Arg

ggc acc tca cct get

cte tte
Leu Phe

cta
Leu

atg
Met

ttt
Phe

gte
Val

cgg
Arg

gge
Gly
70

gge
Gly
85

€99
Arg

ctg ctg

gge
Gly

gecg
Ala

acce
Thr
55

ctt
Leu

gat
Asp

cag

cca
Pro

gge
Gly
40

gag
Glu

gge
Gly

gag
Glu

999

gtg
Val
25

tgc
Cys

aca
Thr

ctyg
Leu

ttg
Leu

aca

gac
Asp

ate
Ile

cca
Pro

cce
Pro

gga
Gly
90

gca

agc
Ser

cag
Gln

ctyg
Leu

aag
Lys
75

gga
Gly

gag

gag
Glu

gag
Glu

gag
Glu
60

cte
Leu

gge
Gly

gaa

60

120

170
15

cag ctg agc 218
Gln Leu Ser

30

gce cgt gag 266

Ala Arg Glu
45

ggt gac ttc 314
Gly Asp Phe

tac ctt ccc 362
Tyr Leu Pro

agg cgg cct 410
Arg Arg Pro

95
gac cat gtg 458
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-continued

22

Gly Thr Ser

gac ctg tca
Asp Leu Ser

gaa ggg tcc
Glu Gly Ser
130

cag acc agc

Gln Thr Ser
145

tcc aag agg

Ser Lys Arg
160

gegegaggge
aattattatt
ccececcaged
cctaagagtyg
ttctectttt
tccecacttyg
acaggcggtt
tgagaagtaa
tttggagtce
agggctgage
ggcaggggga
cctgeactygyg
tttgaggage
gtcectecce
ctgteccace
ggcaccctag
ggtgagggte
tatatgatgg
gaccttecte
aggagtcaga
ctcatatggg
tgaagtgett
aacatactgg
acctagactg
cagctectee
tacttgtaaa
<210> SEQ I

<211> LENGT.
<212> TYPE:

Pro Ala Leu Leu Gln

100

ctg tet tgt acc ctt
Leu Ser Cys Thr Leu

115

cca ggt gga cct gga
Pro Gly Gly Pro Gly

135

atg aca gat ttc tac
Met Thr Asp Phe Tyr

aag ccc taa

Lys Pro

ctcaaaggec
tgtgttttaa
tctggecatta
ctgggeattt
cctetetece
tcegetgggt
atgaaattca
acagatggca
ccteacctee
tggggacctg
aggtggggte
ggagccegte
cccagetace
cttgtecttt
cccacceeca
ttctacctca
ccatgtggtyg
gggagtagat
atccacccca
cattttaaga
getgggagta
agtgtacttg
cctggactgt
taaacctcte
cacaatgetg

aaaaaaaaaa

D NO 2

H: 164
PRT

150

cgctctacat

tttaaacacc

gaattattta

ttattttatyg

ggaggttggg

ggtaccctet

ccecectttec

ctttgaaggyg

tctaaggttyg

gtaccctect

ctggagcaga

tcagtgttga

cttettetec

ccctteagta

gctcaatgga

ggcagctcaa

gcacaggcce

ctttctagga

tcecctececca

tggtggcagt

gttgtettte

gagtattggg

tttctetegy

dagggceaggy

aatatacagc

aaaaa

<213> ORGANISM: Homo sapiens

<400> SEQUE:

NCE: 2

Gly Thr Ala
105

gtg cct cge
Val Pro Arg
120

gac tct cag
Asp Ser Gln

cac tcc aaa
His Ser Lys

cttetgectt
tcctcatgta
aacaaaaact
aaatactatt
tgggcegget
ggaggggtgt
tggacactca
gectcaccga
ggcagggtga
ggctcttgat
ccaccecged
gecttttece
agctgggete
ceccteteage
ctggaagggg
gcagcgaccyg
ccttgagtygyg
gggagacact
gttcattgca
agaggctatg
ctggcactaa
gtctgaccee
ctceccatgt
accacaccct

aggtgctcaa

Glu Glu Asp

tca ggg gag
Ser Gly Glu
125

ggt cga aaa

Gly Arg Lys
140

cge cgg ctg
Arg Arg Leu
155

agtctcagtt
cataccctygyg
aggcggttga
taaagcctee
tcatgccage
ggctecttee
gacctgaatt
gtgggggcat
ccctgaagty
accececectet
tgceccteatyg
tetttggete
tgcaattcce
tccaggtgge
aagggacaca
ccecectecte
ggttatctet
ggcccectcaa
ctttgattag
gacagggcat
cgttgagece
aaacacctte
gtcetggtte
gtactgttet

taaatgattc

His Val
110

cag gct
Gln Ala

¢gg cgg
Arg Arg

atc ttc
Ile Phe

tccgeccaca ggaagectge agtectggaa

tgtgtgtett

cecgeceecty

atgagaggtt

tcatccegty

tacttcctcece

catcgetgte

ctttttcatt

catcaaaaac

agcacagect

gtcttgtgaa

gecectetga

ccctgtaccet

ctectgetget

tctgaggtge

caagaagaag

tagctgtggg

gtgttagggyg

atcgtccage

cagcggaaca

gCCantggg

ctggaggcac

cagctectgt

cegtttetee

gtgtctttea

ttagtgactt

506

554

602

650

710

770

830

890

950

1010

1070

1130

1190

1250

1310

1370

1430

1490

1550

1610

1670

1730

1790

1850

1910

1970

2030

2090

2150

2175
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23

-continued

24

Met Ser Glu Pro Ala Gly Asp Val Arg Gln Asn Pro Cys Gly Ser Lys
1 5 10 15

Ala Cys Arg Arg Leu Phe Gly Pro Val Asp Ser Glu Gln Leu Ser Arg
20 25 30

Asp Cys Asp Ala Leu Met Ala Gly Cys Ile Gln Glu Ala Arg Glu Arg
35 40 45

Trp Asn Phe Asp Phe Val Thr Glu Thr Pro Leu Glu Gly Asp Phe Ala
50 55 60

Trp Glu Arg Val Arg Gly Leu Gly Leu Pro Lys Leu Tyr Leu Pro Thr

Gly Pro Arg Arg Gly Arg Asp Glu Leu Gly Gly Gly Arg Arg Pro Gly
85 90 95

Thr Ser Pro Ala Leu Leu Gln Gly Thr Ala Glu Glu Asp His Val Asp
100 105 110

Leu Ser Leu Ser Cys Thr Leu Val Pro Arg Ser Gly Glu Gln Ala Glu
115 120 125

Gly Ser Pro Gly Gly Pro Gly Asp Ser Gln Gly Arg Lys Arg Arg Gln
130 135 140

Thr Ser Met Thr Asp Phe Tyr His Ser Lys Arg Arg Leu Ile Phe Ser
145 150 155 160

Lys Arg Lys Pro

<210> SEQ ID NO 3

<211> LENGTH: 1211

<212> TYPE: DNA

<213> ORGANISM: Renilla reniformis
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (10)..(945)

<400> SEQUENCE: 3

agcttaaag atg act tcg aaa gtt tat gat cca gaa caa agg aaa cgg atg 51
Met Thr Ser Lys Val Tyr Asp Pro Glu Gln Arg Lys Arg Met
1 5 10

ata act ggt ccg cag tgg tgg gec aga tgt aaa caa atg aat gtt ctt 99
Ile Thr Gly Pro Gln Trp Trp Ala Arg Cys Lys Gln Met Asn Val Leu

15 20 25 30

gat tca ttt att aat tat tat gat tca gaa aaa cat gca gaa aat gct 147
Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn Ala

35 40 45
gtt att ttt tta cat ggt aac gcg gcc tcect tet tat tta tgg cga cat 195
Val Ile Phe Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg His
50 55 60
gtt gtg cca cat att gag cca gta gcg cgg tgt att ata cca gat ctt 243
Val Val Pro His Ile Glu Pro Val Ala Arg Cys Ile Ile Pro Asp Leu
65 70 75
att ggt atg ggc aaa tca ggc aaa tct ggt aat ggt tct tat agg tta 291
Ile Gly Met Gly Lys Ser Gly Lys Ser Gly Asn Gly Ser Tyr Arg Leu
80 85 90

ctt gat cat tac aaa tat ctt act gca tgg ttt gaa ctt ctt aat tta 339
Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Phe Glu Leu Leu Asn Leu

95 100 105 110

cca aag aag atc att ttt gtc ggc cat gat tgg ggt gct tgt ttg gca 387
Pro Lys Lys Ile Ile Phe Val Gly His Asp Trp Gly Ala Cys Leu Ala

115 120 125
ttt cat tat agc tat gag cat caa gat aag atc aaa gca ata gtt cac 435

Phe His Tyr Ser Tyr Glu His Gln Asp Lys Ile Lys Ala Ile Val His
130 135 140
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-contin

566 B2

ued

26

get
Ala

att
Ile

gtt
Val
175

atg
Met

Lys

ate
Ile

aat
Asn

att
Ile
255

Lys

teg
Ser

gtt
Val

gaa
Glu

gaa
Glu
160

ttg
Leu

aga
Arg

gag
Glu

ccg
Pro

tat
Tyr
240

gaa

Glu

aag
Lys

caa
Gln

gag
Glu

agt
Ser
145

gaa
Glu

gag
Glu

aag
Lys

aaa
Lys

tta
Leu
225

aat
Asn

tcg
Ser

ttt
Phe

gaa
Glu

cga
Arg
305

catttttcce

tttcacaggyg

attttggaat

atattataat

aaaaaa

gta gta gat gtg att
Val Val Asp Val Ile

150

gat att gcg ttg atc
Asp Ile Ala Leu Ile

165

aat aac ttc ttc gtg
Asn Asn Phe Phe Val
180

tta gaa cca gaa gaa
Leu Glu Pro Glu Glu

195

ggt gaa gtt cgt cgt
Gly Glu Val Arg Arg

210

gta aaa ggt ggt aaa
Val Lys Gly Gly Lys

230

get tat cta cgt geca
Ala Tyr Leu Arg Ala

245

gat cca gga ttc ttt
Asp Pro Gly Phe Phe
260

cct aat act gaa ttt
Pro Asn Thr Glu Phe

275

gat gca cct gat gaa
Asp Ala Pro Asp Glu

290

gtt ctc aaa aat gaa
Val Leu Lys Asn Glu

gggtttaata
aacattcata
attacctctt

tacatttgtt

<210> SEQ ID NO 4
<211> LENGTH: 311
<212> TYPE:
<213> ORGANISM: Renilla reniform

PRT

<400> SEQUENCE: 4

Met
1

Gly

Phe

Phe

Pro

65

Met

Thr

Pro

Ile

Leu

50

His

Gly

Ser

Gln

Asn

35

His

Ile

Lys

310

atataaatgt

tatgttgatt

tcaatgaaac

atgtaataaa

Lys Val Tyr Asp Pro

5

Trp Trp Ala Arg Cys

20

Tyr Tyr Asp Ser Glu

40

Gly Asn Ala Ala Ser

55

Glu Pro Val Ala Arg

70

Ser Gly Lys Ser Gly

85

gaa
Glu

aaa
Lys

gaa
Glu

ttt
Phe

cca
Pro
215

cct
Pro

agt
Ser

tce
Ser

gte
Val

atg
Met
295

caa
Gln

tca
Ser

tct
Ser

ace
Thr

gca
Ala
200

aca

Thr

gac
Asp

gat
Asp

aat
Asn

aaa
Lys
280

gga
Gly

taa

tgg
Trp

gaa
Glu

atg
Met
185

gca
Ala

tta
Leu

gtt
Val

gat
Asp

get
Ala
265

gta
Val

aaa
Lys

gat gaa tgg
Asp Glu Trp
155

gaa gga gaa
Glu Gly Glu
170

ttg cca tca
Leu Pro Ser

tat ctt gaa
Tyr Leu Glu

tca tgg cct
Ser Trp Pro
220

gta caa att
Val Gln Ile
235

tta cca aaa
Leu Pro Lys
250

att gtt gaa
Ile Val Glu

aaa ggt ctt
Lys Gly Leu

tat atc aaa
Tyr Ile Lys
300

cct gat
Pro Asp

aaa atg
Lys Met

aaa atc
Lys Ile
190

cca ttc
Pro Phe
205

cgt gaa
Arg Glu

gtt agg
Val Arg

atg ttt
Met Phe

gge gec
Gly Ala
270

cat ttt
His Phe
285

teg ttc
Ser Phe

ttactttggt tttttattta

cattttcaac

aatttagctce

tttataaaca

cteggtttta

is

Glu

Lys

25

Lys

Ser

Cys

Asn

Gln

10

Gln

His

Tyr

Ile

Gly
90

Arg

Met

Ala

Leu

Ile

75

Ser

aattttattt
gaactttact
gtggttcaat

ttataaaaaa

Lys Arg Met

Asn Val Leu
30

Glu Asn Ala
45

Trp Arg His
60

Pro Asp Leu

Tyr Arg Leu

taactgaata
ctgtcatatce
taattaatat

aaaaaaaaaa

Ile Thr
15

Asp Ser

Val Ile

Val Val

Ile Gly

80

Leu Asp
95

483

531

579

627

675

723

771

819

867

915

965

1025

1085

1145

1205

1211
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-continued

28

Lys

Tyr

Ser

145

Glu

Glu

Lys

Lys

Leu

225

Asn

Ser

Phe

Glu

Arg
305

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>

Tyr

Ile

Ser

130

Val

Asp

Asn

Leu

Gly

210

Val

Ala

Asp

Pro

Asp

290

Val

Lys

Ile

115

Tyr

Val

Ile

Asn

Glu

195

Glu

Lys

Tyr

Pro

Asn

275

Ala

Leu

Tyr

100

Phe

Glu

Asp

Ala

Phe

180

Pro

Val

Gly

Leu

Gly

260

Thr

Pro

Lys

<400> SEQUENCE:

atg
Met
1

gece
Ala

gac
Asp

tgg
Trp

tgg
Trp
65

999
Gly

tca
Ser

tgce
Cys

tgt
Cys

aac
Asn
50

gag
Glu

cce
Pro

gaa
Glu

cge
Arg

gat
Asp

ttc
Phe

cgt
Arg

cgg
Arg

ccg
Pro

cge
Arg
20

gecg
Ala

gac
Asp

gtg
Val

cga
Arg

Leu Thr

Val Gly

His Gln

Val Ile

150

Leu Ile
165

Phe Val

Glu Glu

Arg Arg

Gly Lys

230

Arg Ala

245

Phe Phe

Glu Phe

Asp Glu

Asn Glu
310

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:
FEATURE:
NAME/KEY: CDS
LOCATION:

1434

Ala

His

Asp

135

Glu

Lys

Glu

Phe

Pro

215

Pro

Ser

Ser

Val

Met

295

Gln

Trp

Asp

120

Lys

Ser

Ser

Thr

Ala

200

Thr

Asp

Asp

Asn

Lys

280

Gly

Phe

105

Trp

Ile

Trp

Glu

Met

185

Ala

Leu

Val

Asp

Ala

265

Val

Lys

Glu

Gly

Lys

Asp

Glu

170

Leu

Tyr

Ser

Val

Leu

250

Ile

Lys

Tyr

Leu

Ala

Ala

Glu

155

Gly

Pro

Leu

Trp

Gln

235

Pro

Val

Gly

Ile

Leu

Cys

Ile

140

Trp

Glu

Ser

Glu

Pro

220

Ile

Lys

Glu

Leu

Lys
300

Asn

Leu

125

Val

Pro

Lys

Lys

Pro

205

Arg

Val

Met

Gly

His

285

Ser

Synthetic fusion construct

(1) ..(1434)

5

get ggg
Ala Gly

cte tte
Leu Phe

cta atg
Leu Met

ttt gtc
Phe Val

¢gg dgc
Arg Gly
70

dgce cgg
Gly Arg
85

gat
Asp

gge
Gly

gecg
Ala

acce
Thr
55

ctt

Leu

gat
Asp

gte
Val

cca
Pro

gge
Gly

gag
Glu

gge
Gly

gag
Glu

cgt
Arg

gtg
Val
25

tgce

Cys

aca
Thr

ctyg
Leu

ttg
Leu

cag
Gln

gac
Asp

ate
Ile

cca
Pro

cce
Pro

gga
Gly
90

aac
Asn

agc
Ser

cag
Gln

ctg
Leu

aag
Lys
75

gga
Gly

cca
Pro

gag
Glu

gag
Glu

gag
Glu
60

cte

Leu

gge
Gly

tgc
Cys

cag
Gln

gece
Ala
45

ggt
Gly

tac
Tyr

agg
Arg

Leu

110

Ala

His

Asp

Met

Ile

190

Phe

Glu

Arg

Phe

Ala

270

Phe

Phe

gge
Gly

ctyg
Leu
30

cgt

Arg

gac
Asp

ctt
Leu

cgg
Arg

Pro

Phe

Ala

Ile

Val

175

Met

Lys

Ile

Asn

Ile

255

Lys

Ser

Val

agc
Ser

agc
Ser

gag
Glu

ttc
Phe

cce
Pro

cct
Pro
95

Lys

His

Glu

Glu

160

Leu

Arg

Glu

Pro

Tyr

240

Glu

Lys

Gln

Glu

aag
Lys

cge
Arg

cga
Arg

gece
Ala

acg
Thr
80

gge
Gly

48

96

144

192

240

288
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-continued

30

acce
Thr

ctyg
Leu

999
Gly

acce
Thr
145

Lys

agg
Arg

atg
Met

gece
Ala

ctyg
Leu
225

ate
Ile

agc
Ser

cte
Leu

gece
Ala

gece
Ala
305

gag
Glu

gge
Gly

cece
Pro

ctyg
Leu

tgg
Trp
385

cag
Gln

tca
Ser

tca
Ser

tce
Ser
130

agc
Ser

agg
Arg

aag
Lys

aac
Asn

gag
Glu
210

tgg
Trp

cce
Pro

tac
Tyr

ctyg
Leu

tgce
Cys
290

ate
Ile

tgg
Trp

gag
Glu

agc
Ser

gag
Glu
370

cccC

Pro

ate
Ile

cct
Pro

ctyg
Leu
115

cca
Pro

atg
Met

aag
Lys

agg
Arg

gtg
Val
195

aac
Asn

agg
Arg

gat
Asp

agg
Arg

aac
Asn
275

ctyg
Leu

gtg
Val

cca
Pro

aag
Lys

aag
Lys
355

cccC

Pro

aga
Arg

gtg
Val

get
Ala
100

tct
Ser

ggt
Gly

aca
Thr

cce
Pro

atg
Met
180

ctyg
Leu

gece
Ala

cac
His

ctyg
Leu

ctyg
Leu
260

ctyg
Leu

gece
Ala

cac
His

gac
Asp

atg
Met
340

atc

Ile

ttc
Phe

gag
Glu

aga
Arg

ctyg
Leu

tgt
Cys

gga
Gly

gat
Asp

ggt
Gly
165

ate
Ile

gac
Asp

gtg
Val

gtg
Val

ate
Ile
245

ctyg
Leu

cece
Pro

tte
Phe

gece
Ala

ate
Ile
325

gtg
Val

atg
Met

aag
Lys

ate
Ile

aac
Asn

ctyg
Leu

acce
Thr

cct
Pro

tte
Phe
150

acce
Thr

acce
Thr

agc
Ser

ate
Ile

gtg
Val
230

gge
Gly

gac
Asp

aag
Lys

cac
His

gag
Glu
310

gag
Glu

ctyg
Leu

aga
Arg

gag
Glu

cece
Pro
390

tac
Tyr

cag
Gln

ctt
Leu

gga
Gly
135

tac
Tyr

atg
Met

gge
Gly

tte
Phe

tte
Phe
215

cece
Pro

atg
Met

cac
His

aag
Lys

tac
Tyr
295

agc
Ser

gag
Glu

gag
Glu

aag
Lys

aag
Lys
375

ctyg

Leu

aac
Asn

999
Gly

gtg
Val
120

gac
Asp

cac
His

ace
Thr

cce
Pro

ate
Ile
200

ctyg
Leu

cac
His

gge
Gly

tac
Tyr

ate
Ile
280

agc
Ser

gtg
Val

gac
Asp

aac
Asn

ctyg
Leu
360

gge
Gly

gtg
Val

gece
Ala

aca
Thr
105

cct
Pro

tct
Ser

tce
Ser

agc
Ser

cag
Gln
185

aac
Asn

cac
His

ate
Ile

aag
Lys

aag
Lys
265

ate
Ile

tac
Tyr

gtg
Val

ate
Ile

aac
Asn
345

gag
Glu

gag
Glu

aag
Lys

tac
Tyr

gca
Ala

cge
Arg

cag
Gln

aaa
Lys

aag
Lys
170

tgg
Trp

tac
Tyr

gge
Gly

gag
Glu

agc
Ser
250

tac
Tyr

ttc
Phe

gag
Glu

gac
Asp

gece
Ala
330

ttec

Phe

cce
Pro

gtg
Val

gge
Gly

ctyg
Leu

gag
Glu

tca
Ser

ggt
Gly

cge
Arg
155

gtg
Val

tgg
Trp

tac
Tyr

aac
Asn

cce
Pro
235

gge
Gly

ctg
Leu

gtg
Val

cac
His

gtg
Val
315

ctg
Leu

tte
Phe

gag
Glu

aga
Arg

gge
Gly
395

aga
Arg

gaa
Glu

999
Gly

cga
Arg
140

cgg
Arg

tac
Tyr

gece
Ala

gac
Asp

gece
Ala
220

gtg
Val

aag
Lys

acce
Thr

gge
Gly

cag
Gln
300

ate
Ile

ate
Ile

gtg
Val

gag
Glu

aga
Arg
380

aag

Lys

gece
Ala

gac
Asp

gag
Glu
125

aaa
Lys

ctyg
Leu

gac
Asp

agg
Arg

agc
Ser
205

get
Ala

gece
Ala

agc
Ser

gece
Ala

cac
His
285

gac
Asp

gag
Glu

aag
Lys

gag
Glu

tte
Phe
365

cce

Pro

cece
Pro

agc
Ser

cat
His
110

cag
Gln

cgg
Arg

ate
Ile

cce
Pro

tgce
Cys
190

gag
Glu

agc
Ser

agg
Arg

gge
Gly

tgg
Trp
270

gac
Asp

aag
Lys

agc
Ser

agc
Ser

ace
Thr
350

gce

Ala

ace
Thr

gac
Asp

gac
Asp

gtg
Val

get
Ala

cgg
Arg

ttc
Phe

gag
Glu
175

aag
Lys

aag
Lys

agc
Ser

tgce
Cys

aac
Asn
255

ttc
Phe

tgg
Trp

ate
Ile

tgg
Trp

gag
Glu
335

atg

Met

gece
Ala

ctyg
Leu

gtg
Val

gac
Asp

gac
Asp

gaa
Glu

cag
Gln

tce
Ser
160

cag
Gln

cag
Gln

cac
His

tac
Tyr

ate
Ile
240

gge
Gly

gag
Glu

gge
Gly

aag
Lys

gac
Asp
320

gag
Glu

ctyg
Leu

tac
Tyr

agc
Ser

gtg
Val
400

ctyg
Leu

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248
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31

-continued

405 410 415

cce aag atg ttc atc gag agc gac ccc ggc ttce ttc age aac gcc atc 1296
Pro Lys Met Phe Ile Glu Ser Asp Pro Gly Phe Phe Ser Asn Ala Ile
420 425 430

gtg gag ggc gcc aag aag ttc ccc aac acc gag ttc gtg aag gtg aag 1344
Val Glu Gly Ala Lys Lys Phe Pro Asn Thr Glu Phe Val Lys Val Lys
435 440 445

ggc ctg cac ttc agce cag gag gac gcc ccc gac gag atg ggc aag tac 1392
Gly Leu His Phe Ser Gln Glu Asp Ala Pro Asp Glu Met Gly Lys Tyr
450 455 460

atc aag agc ttc gtg gag aga gtg ctg aag aac gag cag taa 1434
Ile Lys Ser Phe Val Glu Arg Val Leu Lys Asn Glu Gln
465 470 475

<210> SEQ ID NO 6

<211> LENGTH: 477

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 6

Met Ser Glu Pro Ala Gly Asp Val Arg Gln Asn Pro Cys Gly Ser Lys
1 5 10 15

Ala Cys Arg Arg Leu Phe Gly Pro Val Asp Ser Glu Gln Leu Ser Arg
20 25 30

Asp Cys Asp Ala Leu Met Ala Gly Cys Ile Gln Glu Ala Arg Glu Arg
35 40 45

Trp Asn Phe Asp Phe Val Thr Glu Thr Pro Leu Glu Gly Asp Phe Ala
50 55 60

Trp Glu Arg Val Arg Gly Leu Gly Leu Pro Lys Leu Tyr Leu Pro Thr
65 70 75 80

Gly Pro Arg Arg Gly Arg Asp Glu Leu Gly Gly Gly Arg Arg Pro Gly
85 90 95

Thr Ser Pro Ala Leu Leu Gln Gly Thr Ala Glu Glu Asp His Val Asp
100 105 110

Leu Ser Leu Ser Cys Thr Leu Val Pro Arg Ser Gly Glu Gln Ala Glu
115 120 125

Gly Ser Pro Gly Gly Pro Gly Asp Ser Gln Gly Arg Lys Arg Arg Gln
130 135 140

Thr Ser Met Thr Asp Phe Tyr His Ser Lys Arg Arg Leu Ile Phe Ser
145 150 155 160

Lys Arg Lys Pro Gly Thr Met Thr Ser Lys Val Tyr Asp Pro Glu Gln
165 170 175

Arg Lys Arg Met Ile Thr Gly Pro Gln Trp Trp Ala Arg Cys Lys Gln
180 185 190

Met Asn Val Leu Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Glu Lys His
195 200 205

Ala Glu Asn Ala Val Ile Phe Leu His Gly Asn Ala Ala Ser Ser Tyr
210 215 220

Leu Trp Arg His Val Val Pro His Ile Glu Pro Val Ala Arg Cys Ile
225 230 235 240

Ile Pro Asp Leu Ile Gly Met Gly Lys Ser Gly Lys Ser Gly Asn Gly
245 250 255

Ser Tyr Arg Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Phe Glu
260 265 270
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-continued

34

Leu Leu Asn
275

Ala Cys Leu
290

Ala Ile Val
305

Glu Trp Pro

Gly Glu Lys

Pro Ser Lys
355

Leu Glu Pro
370

Trp Pro Arg
385

Gln Ile Val

Pro Lys Met

Val Glu Gly
435

Gly Leu His
450

Ile Lys Ser
465

<210> SEQ I
<211> LENGT
<212> TYPE:
<213> ORGAN
<220> FEATU
<221> NAME/
<222> LOCAT

Leu Pro Lys Lys Ile

280

Ala Phe His Tyr Ser

295

His Ala Glu Ser Val
310

Asp Ile Glu Glu Asp

325

Met Val Leu Glu Asn

340

Ile Met Arg Lys Leu

360

Phe Lys Glu Lys Gly

375

Glu Ile Pro Leu Val
390

Arg Asn Tyr Asn Ala

405

Phe Ile Glu Ser Asp

420

Ala Lys Lys Phe Pro

440

Phe Ser Gln Glu Asp

455

Phe Val Glu Arg Val
470

D NO 7
H: 2413
DNA

ISM: Homo sapiens

RE:
KEY: CDS

ION: (473).

<400> SEQUENCE: 7

cttettegte
ttteggggtyg
cgceggcaag
actcggacgg
getegecagt
cectgegeget
ggcagtcget

ttttgtettet

aac gtg cga
Asn Val Arg

agg cag geg
Arg Gln Ala
20

ceg gtg gac
Pro Val Asp
35

agccteeett

tttttctece

gtttggagag

getttgccac

ccatttgatce

cctagagete

gggcettecga

ttgagagtge

. (1069)

ccaccgecat

cctecectgt

cggctgggtt

ccteteeget

agcggagact

gggcegtgge

gaggggttcg

dagagaggcyg

gtg tct aac ggg agce
Val Ser Asn Gly Ser

10

gag cac ccc aag ccc
Glu His Pro Lys Pro

25

cac gaa gag tta acc
His Glu Glu Leu Thr

40

Ile

Tyr

Val

Ile

Asn

345

Glu

Glu

Lys

Tyr

Pro

425

Asn

Ala

Leu

Phe

Glu

Asp

Ala

330

Phe

Pro

Val

Gly

Leu

410

Gly

Thr

Pro

Lys

Val

His

Val

315

Leu

Phe

Glu

Arg

Gly

395

Arg

Phe

Glu

Asp

Asn
475

attgggccac

ccecegettge

cgcegggaccec

tgcctggtec

c¢ggcggeegy

ththgggt

ggctgegtag

gtcegtgcaga

cct
Pro

tcg
Ser

cgg
Arg

agc
Ser

gece
Ala

gac
Asp

ctg
Leu

tge
Cys

ttyg
Leu
45

Gly His Asp
285

Gln Asp Lys
300

Ile Glu Ser

Ile Lys Ser

Val Glu Thr

350

Glu Phe Ala
365

Arg Pro Thr
380

Lys Pro Asp

Ala Ser Asp

Phe Ser Asn

430

Phe Val Lys
445

Glu Met Gly
460

Glu Gln

taaaaaaagg
tcacggetet
gegggettge
cctetectet
geeggggett
ctgtgtcettt
gggcgetttg

ccegggagaa

gag cgg atg
Glu Arg Met
15

agg aac ctc
Arg Asn Leu
30

gag aag cac
Glu Lys His

Trp Gly

Ile Lys

Trp Asp

320

Glu Glu
335

Met Leu

Ala Tyr

Leu Ser

Val Val

400

Asp Leu
415

Ala Ile

Val Lys

Lys Tyr

gggctegtet
gegactcega
accecgeccag
cecgeectece
ccecegeagec
tggcteccgag
ttttgttegy
ag atg tca

Met Ser
1

gac gcc
Asp Ala

tte gge
Phe Gly

tgc aga
Cys Arg
50

60

120

180

240

300

360

420

478

526

574

622
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36

gac atg gaa
Asp Met Glu

cac aaa ccc
His Lys Pro

agc ttg ccc
Ser Leu Pro
85
tgc aag gtg
Cys Lys Val
100

gcg gcog cct
Ala Ala Pro
115

gtg gac cca
Val Asp Pro

caa tgc gca
Gln Cys Ala

caa aac aaa
Gln Asn Lys
165
cca aat gcece
Pro Asn Ala
180
aga cgt caa
Arg Arg Gln
195
catcactgcet
acttcatgga
ttttaggcac
gtttttectt
acataaactt
tgaagagett
aattttgggyg
ctgatacttce
tatttttaca
gtttgttaga
ccteeccagt
actccaggta
accatctget
gtgtaaacac
ttcacattaa
gaaagtgtta
aatggatact

tgtacctgtyg

aaagattttt

gag gcg age cag cgc
Glu Ala Ser Gln Arg

55

cta gag ggc aag tac
Leu Glu Gly Lys Tyr

70

gag ttc tac tac aga
Glu Phe Tyr Tyr Arg

ccg gog cag gag agc
Pro Ala Gln Glu Ser

105

tta att ggg gct ccg
Leu Ile Gly Ala Pro
120

aag act gat ccg tecg
Lys Thr Asp Pro Ser

135

gga ata agg aag cga
Gly Ile Arg Lys Arg

150

aga gcc aac aga aca
Arg Ala Asn Arg Thr

170

ggt tct gtg gag cag
Gly Ser Val Glu Gln

185

aag tgg aat
Lys Trp Asn
60

gag tgg caa
Glu Trp Gln
75

cce ceg cgg
Pro Pro Arg

cag gat gtc
Gln Asp Val

gct aac tct
Ala Asn Ser
125

gac agc cag
Asp Ser Gln
140

cct geca acce
Pro Ala Thr
155

gaa gaa aat

Glu Glu Asn

acg ccc aag
Thr Pro Lys

ttc gat ttt
Phe Asp Phe

gag gtg gag
Glu Val Glu
80

cce ccc aaa
Pro Pro Lys
95

age ggg agce
Ser Gly Ser
110

gag gac acg
Glu Asp Thr

acg ggg tta
Thr Gly Leu

gac gat tct
Asp Asp Ser
160

gtt tca gac
Val Ser Asp
175

aag cct ggce
Lys Pro Gly
190

cag aat
Gln Asn
65

aag ggc
Lys Gly

ggt gecc
Gly Ala

cge ccg
Arg Pro

cat ttg
His Leu
130

gcg gag
Ala Glu
145

tct act

Ser Thr

ggt tcc
Gly Ser

cte aga
Leu Arg

acg taa acagctcgaa ttaagaatat gtttcettgt ttatcagata

Thr

tgatgaagca

atggacatcc

tcttaaatga

atttgcttca

tggggaaggg

getttgattt

aagggtttga

atttaaaaaa

agaagtttat

tagctgecatg

ctctcttaaa

gtttggggca

tttattaaat

agtcaaaata

aaaatgaaat

tttttcaagy

acatctttaa

tacataactc

tttaatctag

aggaagatat

tgtataagca

tctgecteta

ttgtactacc

agggcaggge

acagcaagta

attgttttcet

atcacaaaaa

tctcatttygg

tggetttttt

gttggaattt

aaaatccgag

ttgttgacaa

attctaaatc

attttttaat

aaggttcatg

acagtatttc

tgtaaaaaca

acaatataca

acatgaaaat

ctgaaaaaca

aaagcgttygg

tgtgtatata

ggggctgagg

gataaatatt

ttaaagatgt

tttgaacact

gagatctggt

aaaaaagcaa

accagttaat

gtgcttggga

aattttctca

cctegatatt

ttaaagctta

tagagaaaag

attgcctgtyg

ctgaaaaatt

agccaaagtyg

tttaaaaata

acaacacaat

atgtagcatt

gtttttacct

aactgacgtyg

tgacttgcat

aatgtccett

ggctaaagat

gatctcccaa

cagaaaccta

tactcagcag

gttttgaatg

ttttctttte

tttaaagatc

ctctgtecat

cacacttgta

tatggaaaaa

atactaactt

gecatgttttyg

catatcgetyg

aacactaaaa

atgcaattag

tttatgtagce

gagcggggta

gaagagaagc

tcagagacag

aattgctatt

gctatctaaa

tcctecactge

aatggtgatc

ttaagaattg

acttcggget

tgtaagtaac

ttatccacag

ggataagtga

ccatttgaag

atttatgtta

tgcatttgta

670

718

766

814

862

910

958

1006

1054

1109

1169

1229

1289

1349

1409

1469

1529

1589

1649

1709

1769

1829

1889

1949

2009

2069

2129

2189

2249
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-continued

aatgctgtgt tgggtagaat aggttttece ctettttgtt aaataatatg gctatgetta

aaaggttgca tactgagcca agtataattt tttgtaatgt gtgaaaaaga tgccaattat

tgttacacat taagtaatca ataaagaaaa cttccatagc tatt

<210> SEQ ID NO 8

<211> LENGTH: 198

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Ser Asn Val Arg Val Ser Asn Gly Ser Pro Ser
1 5 10

Asp Ala Arg Gln Ala Glu His Pro Lys Pro Ser Ala
20 25

Phe Gly Pro Val Asp His Glu Glu Leu Thr Arg Asp
35 40

Cys Arg Asp Met Glu Glu Ala Ser Gln Arg Lys Trp
50 55 60

Gln Asn His Lys Pro Leu Glu Gly Lys Tyr Glu Trp
65 70 75

Lys Gly Ser Leu Pro Glu Phe Tyr Tyr Arg Pro Pro
85 90

Gly Ala Cys Lys Val Pro Ala Gln Glu Ser Gln Asp
100 105

Arg Pro Ala Ala Pro Leu Ile Gly Ala Pro Ala Asn
115 120

His Leu Val Asp Pro Lys Thr Asp Pro Ser Asp Ser
130 135 140

Ala Glu Gln Cys Ala Gly Ile Arg Lys Arg Pro Ala
145 150 155

Ser Thr Gln Asn Lys Arg Ala Asn Arg Thr Glu Glu
165 170

Gly Ser Pro Asn Ala Gly Ser Val Glu Gln Thr Pro
180 185

Leu Arg Arg Arg Gln Thr
195

<210> SEQ ID NO 9

<211> LENGTH: 1943

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (277).. (1227

<400> SEQUENCE: 9

Leu

Cys

Leu

45

Asn

Gln

Arg

Val

Ser

125

Gln

Thr

Asn

Lys

Glu

Arg

30

Glu

Phe

Glu

Pro

Ser

110

Glu

Thr

Asp

Val

Lys
190

agtgcgetgt gectegagggg tgeccggecag gectgagega gegagetage

cgagggggeyg cggctgeegt ccggacgaga caggcgaace cgacgcagaa

ccggacagece aggtagecge cgegteecte gecacacgcag agtegggegg

cecttgegee cggectoege cctetectee tetectttee cettettete

cctetetege tgecegegtt tgegcagcce cgggece atg tcc
Met Ser
1

cge age aca tce acg atg gag cgt ctt gtc gee cgt
Arg Ser Thr Ser Thr Met Glu Arg Leu Val Ala Arg
10 15

gac
Asp

999
Gly

gecg
Ala

ace
Thr
20

Arg

15

Asn

Lys

Asp

Val

Pro

95

Gly

Asp

Gly

Asp

Ser

175

Pro

cagcaggcat

gagtccacca

cgcggggtct

getgtectet

tce
Ser
5

ttc
Phe

Met

Leu

His

Phe

Glu

80

Lys

Ser

Thr

Leu

Ser

160

Asp

Gly

cte
Leu

cca
Pro

2309

2369

2413

60

120

180

240

294

342
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gta cta gtg cgc acc age gee tgce cge age cte tte ggg ccg gtg gac 390
Val Leu Val Arg Thr Ser Ala Cys Arg Ser Leu Phe Gly Pro Val Asp
25 30 35
cac gag gag ctg agc cge gag ctg cag gcce cge ctg gcoc gag ctg aac 438
His Glu Glu Leu Ser Arg Glu Leu Gln Ala Arg Leu Ala Glu Leu Asn
40 45 50
gee gag gac cag aac cgc tgg gat tac gac ttc cag cag gac atg ccg 486
Ala Glu Asp Gln Asn Arg Trp Asp Tyr Asp Phe Gln Gln Asp Met Pro
55 60 65 70
ctg c¢gg ggc cct gga cge ctg cag tgg acc gaa gtg gac agce gac tcg 534
Leu Arg Gly Pro Gly Arg Leu Gln Trp Thr Glu Val Asp Ser Asp Ser
75 80 85
gtg cce geg tte tac cge gag acg gtg cag gtg ggyg cge tgc cge ctg 582
Val Pro Ala Phe Tyr Arg Glu Thr Val Gln Val Gly Arg Cys Arg Leu
90 95 100
ctg ctg geg ceg cgg cce gtce geg gte geg gtg get gte age ccg cec 630
Leu Leu Ala Pro Arg Pro Val Ala Val Ala Val Ala Val Ser Pro Pro
105 110 115
cte gag ccg gee get gag tcee cte gac gge cte gag gag geg ccg gag 678
Leu Glu Pro Ala Ala Glu Ser Leu Asp Gly Leu Glu Glu Ala Pro Glu
120 125 130
cag ctg cct agt gtc ceg gtce cecg gee ceg geg tee acce ccg cee cca 726
Gln Leu Pro Ser Val Pro Val Pro Ala Pro Ala Ser Thr Pro Pro Pro
135 140 145 150
gte ccg gte ctg get cca gee ceg gee ceg get ceg get ceg gte geg 774
Val Pro Val Leu Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Val Ala
155 160 165
get ceg gte geg get cecg gte geg gte geg gte ctg gee cecg gee ccg 822
Ala Pro Val Ala Ala Pro Val Ala Val Ala Val Leu Ala Pro Ala Pro
170 175 180
gee ccg get ceg get cecg get ceg gee ceg get ceca gte geg gee ccg 870
Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Val Ala Ala Pro
185 190 195
gee cca gec ¢cg goc ccg gec ccg gec ceg gee cee gee ccg gee ccg 918
Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro
200 205 210
gee ccg gac geg gcog cct caa gag age goc gag cag ggce gcg aac cag 966
Ala Pro Asp Ala Ala Pro Gln Glu Ser Ala Glu Gln Gly Ala Asn Gln
215 220 225 230
ggg cag c¢gc ggc cag gag cct ctc get gac cag ctg cac tcg ggg att 1014
Gly Gln Arg Gly Gln Glu Pro Leu Ala Asp Gln Leu His Ser Gly Ile
235 240 245
tcg gga cgt ccc gcg gece gge acc gcg gocc goce agc gcc aac ggc gcg 1062
Ser Gly Arg Pro Ala Ala Gly Thr Ala Ala Ala Ser Ala Asn Gly Ala
250 255 260
gcg atc aag aag ctg tcc ggg cct ctg atc tec gat tte tte gece aag 1110
Ala Ile Lys Lys Leu Ser Gly Pro Leu Ile Ser Asp Phe Phe Ala Lys
265 270 275
cgc aag aga tca gcg cct gag aag tcg tcg gge gat gtc ccc geg ccg 1158
Arg Lys Arg Ser Ala Pro Glu Lys Ser Ser Gly Asp Val Pro Ala Pro
280 285 290
tgt ccec tcet cca age gce gcece cct ggce gtg ggce teg gtg gag cag acce 1206
Cys Pro Ser Pro Ser Ala Ala Pro Gly Val Gly Ser Val Glu Gln Thr
295 300 305 310
ccg cgce aag agg ctg cgg tga gccaatttag agcccaaaga gccccgaggg 1257
Pro Arg Lys Arg Leu Arg
315

aacctgecgg ggcagcggac gttggaaggg cgctgggect cggctgggac cgttcatgta 1317
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-continued
gcagcaaccg gcggceggctg ccgcagagca gegtteggtt ttgtttttaa attttgaaaa 1377
ctgtgcaatg tattaataac gtctttttat atctaaatgt attctgcacg agaaggtaca 1437
ctggtcccaa ggtgtaaage tttaagagtc atttatataa aatgtttaat ctctgctgaa 1497
actcagtgca aaaaaaagaa aaaagaaaaa aaaaaggaaa aaataaaaaa accatgtata 1557
tttgtacaaa aagtttttaa agttatacta acttatattt tctatttatg tccaggcgtg 1617
gaccgctetg ccacgcacta gcteggttat tggttatgec aaaggcactce tccatctecce 1677
acatctggtt attgacaagt gtaactttat tttcatcgcg gactctgggg aagggggtca 1737
ctcacaagct gtagctgcca tacatgccca tctagcttge agtctcectteg cgettteget 1797
gtctctctta ttatgactgt gtttatctga aacttgaaga caagtctgtt aaaatggttce 1857
ctgagcegte tgtaccactg ccccggecce tcegtecgecg ggttctaaat aaagaggecg 1917
aaaaatgctg caaaaaaaaa aaaaaa 1943

<210> SEQ ID NO 10
<211> LENGTH: 316

<212> TYPE

PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Met Ser Asp Ala Ser Leu Arg Ser

1

Ala Arg Gly Thr Phe Pro Val Leu

20

Leu Phe Gly Pro Val Asp His Glu

35

Arg Leu Ala

50

40

Glu Leu Asn Ala Glu

55

Phe Gln Gln Asp Met Pro Leu Arg

65

Glu Val Asp

Val Gly Arg

Val Ala Val
115

70

Ser Asp Ser Val Pro

85

Cys Arg Leu Leu Leu

100

Ser Pro Pro Leu Glu

120

Leu Glu Glu Ala Pro Glu Gln Leu

130

Ala Ser Thr

145

Ala Pro Ala

Val Leu Ala

Ala Pro Val

195

Ala Pro Ala

210

135

Pro Pro Pro Val Pro
150

Pro Val Ala Ala Pro

165

Pro Ala Pro Ala Pro

180

Ala Ala Pro Ala Pro

200

Pro Ala Pro Ala Pro

215

Glu Gln Gly Ala Asn Gln Gly Gln
230

225

Gln Leu His

Ala Ser Ala

Ser Gly Ile Ser Gly

245

Asn Gly Ala Ala Ile

Thr Ser Thr
10

Val Arg Thr
25

Glu Leu Ser

Asp Gln Asn

Gly Pro Gly

75

Ala Phe Tyr
90

Ala Pro Arg
105

Pro Ala Ala

Pro Ser Val

Val Leu Ala
155

Val Ala Ala
170

Ala Pro Ala
185

Ala Pro Ala

Asp Ala Ala

Arg Gly Gln
235

Arg Pro Ala
250

Lys Lys Leu

Met Glu Arg

Ser Ala Cys
30

Arg Glu Leu
45

Arg Trp Asp
60

Arg Leu Gln

Arg Glu Thr

Pro Val Ala
110

Glu Ser Leu
125

Pro Val Pro
140

Pro Ala Pro

Pro Val Ala

Pro Ala Pro
190

Pro Ala Pro
205

Pro Gln Glu
220
Glu Pro Leu

Ala Gly Thr

Ser Gly Pro

Leu Val
15

Arg Ser

Gln Ala

Tyr Asp

Trp Thr
80

Val Gln
95

Val Ala

Asp Gly

Ala Pro

Ala Pro
160

Val Ala
175

Ala Pro

Ala Pro

Ser Ala

Ala Asp
240

Ala Ala
255

Leu Ile
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44

-continued

260 265

Ser Asp Phe Phe Ala Lys Arg Lys Ser Ala

275 280

Arg
285

Gly Asp Val Pro Ala Pro Cys Pro
290 295

Ser Pro Ser

300

Gly Ser Val Glu Gln Thr Pro Arg
305 310

Lys Arg Leu

315

Arg

270

Pro Glu Lys Ser Ser

Ala Ala Pro Gly Val

What is claimed is:

1. A method for determining whether a test compound
inhibits the degradation of a Cip/Kip protein by the Ubig-
uitin-Proteasome system and may be useful for treating
cancer, said method comprising

(a) contacting said test compound with a cell expressing

a fusion protein in the presence of an eukaryotic protein
synthesis inhibitor, said fusion protein comprising (i) a
Cip/Kip polypeptide; and (ii) a reporter protein linked
to the C-terminal of said Cip/Kip polypeptide, wherein
said fusion protein has a half-life that is similar to that
of said Cip/Kip polypeptide, and

(b) measuring a readout signal from the reporter protein,
wherein a higher readout signal from the reporter protein in
the presence of said test compound, relative to the readout
signal in the absence of said test compound, is indicative that
said test compound inhibits the degradation of a Cip/Kip
protein by the Ubiquitin-Proteasome system and may be
useful for treating cancer.

2. The method of claim 1, wherein the Cip/Kip polypep-
tide is a p2l polypeptide comprising the amino acid
sequence of SEQ ID NO:2, or a functional variant or
fragment thereof having p21 activity.

3. The method of claim 2, wherein said half-life is from
30 minutes to about 1 hour.

4. The method of claim 1, wherein said protein synthesis
inhibitor is cycloheximide (CHX).

5. The method of claim 1, wherein said reporter protein is
a luciferase.

6. The method of claim 5, wherein said luciferase is a
Renilla luciferase polypeptide comprising the amino acid
sequence of SEQ ID NO:4, or a functional variant or
fragment thereof having Rerilla luciferase activity.

7. The method of claim 5, wherein said readout signal
from the reporter protein is bioluminescence in the presence
of a luciferase substrate.

8. The method of claim 7, wherein said luciferase sub-
strate is coelenterazine or an analog thereof.

9. The method of claim 1, wherein said cell further
comprises an inducible expression system for inducible
expression of the fusion protein.

15

20

25

30

35

40

45

10. The method of claim 9, wherein said inducible expres-
sion system is a tetracycline-controlled expression system.

11. A system for determining whether a test compound
inhibits the degradation of a Cip/Kip protein by the Ubig-
uitin-Proteasomes system and may be useful for treating
cancer, said system comprising:

a cell expressing a fusion protein, said fusion protein
comprising (i) a Cip/Kip polypeptide; and (ii) a reporter
protein linked to the C-terminal of said Cip/Kip poly-
peptide, wherein said fusion protein has a half-life that
is similar to that of said Cip/Kip polypeptide;

an eukaryotic protein synthesis inhibitor; and

a detection system to measure a readout signal from the
reporter protein.

12. The system of claim 11, wherein the Cip/Kip poly-
peptide is a p21 polypeptide comprising the amino acid
sequence of SEQ ID NO:2, or a functional variant or
fragment thereof having p21 activity.

13. The system of claim 12, wherein said half-life is from
30 minutes to about 1 hour.

14. The system of claim 11, wherein said protein synthesis
inhibitor is cycloheximide (CHX).

15. The system of claim 11, wherein said reporter protein
is a luciferase.

16. The system of claim 15, wherein said luciferase is a
Renilla luciferase polypeptide comprising the amino acid
sequence of SEQ ID NO:4, or a functional variant or
fragment thereof having Renilla luciferase activity.

17. The system of claim 15, wherein said system further
comprises a luciferase substrate.

18. The system of claim 17, wherein said luciferase
substrate is coelenterazine or an analog thereof.

19. The system of claim 11, wherein said cell further
comprises an inducible expression system for inducible
expression of the fusion protein.

20. The system of claim 19, wherein said inducible
expression system is a tetracycline-controlled expression
system.



